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1.0  INTRODUCTION 

This  ppport  presents  the  current  status  and  genera"'  test  results  (1  >lun 
1985  through  30  Nov  1985)  for  both  the  Morton  Thiokol,  Inc. /Wasatch 
Operations  and  the  Aerojet  Solid  Propulsion  Co.  (ASPC)  Stage  III  Minuteman 
surveillance  programs.  The  objective  of  the  Merton  Thiokol  program  is  to 
compare  the  performance  of  those  Morton  Thiokol  versus  ASPC  materials  or 
components  identified  as  having  sufficient  differences  (processing,  vendor, 
etc.)  that  the  aging  response  might  be  affected.  The  materials  and  components 
compared  are  identified  by  TWR-3766,  "Minuteman  Age  Sensitivity  Component 
Review."  Technical  responsibility  for  the  ASPC-initiated  program  v/as 
assigned  to  the  Wasatch  Operations  on  1  Sep  1971,  end  the  program  has  been 
continued  in  accordance  with  existing  ASPC  plans. 

The  surveillance  program  for  the  Minuteman  III  Stage  III  motor  consists 
of  storage  and  testing  in  eight  general  areas:  (1)  full-scale  m.ctors,  (?) 
full-scale  and  subscale  cases,  (3)  nozzles,  (4)  igniters,  (5)  liquid  injec¬ 
tion  thrust  vector  control  (LITVC)  systems,  (6)  thrust  termination  systems, 

(7)  roll  control  systems,  and  (8)  electrical  bonds.  Results  of  all  testing 
will  be  compared  with  failure  criteria  and/or  specification  values  for  the 
applicable  parameters  identified  in  PD  III-018  to  assess  long  term  storage 
effects  on  motor  performance. 
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2.0  PROGRAM  STATUS 

Contract  F42600-86-C-0001  "^or  enginpering  servicp'?  fnr  FY  86  was 
received  during  this  reporting  period.  This  contract  includes  essentially 
the  same  work  scope  as  the  FY  85  contract  and  covers  the  follow-on  period 
of  20  Dec  1985  through  30  Sep  1986. 

The  program  effort  during  this  reporting  period.^panning  the  two 
contract  periodsvconsisted  of  laboratory  testing  of  both  the  Morton 
Thiokol,  Inc./ASPC  Minuteman  III  Third  Stage  Surveillance  components  and 
material  samples.  In  addition,  bondl ine^^aging  testing  and  analysis  using 

('j  .  C- 

samples  from  previously  dissected  motor3»^•wes  accompl  i  shed.  -  The  bondline 
aging  data  are  included  in  the  annual  bondline  aging  study  report. 

-In  support  of  the  program,  all  flight  and  static  tests,  for  both  First 
and  Third  Stage  Minuteman  motors,  were  reviewed  and  tabulated  for  incor¬ 
poration  into  reliability  and  motor  historical  records.^, An  anray  of  the 
Minuteman  III  Third  Stage  motors  tested,  both  flight  test  motors  and  static 
test  (TOP  motors)  is  presented  in  Table  5.  The  First  Stage  Minuteman  motor 
tests  are  reported  in  the  reliability/maintainability  assessment  and 
reliability  test  report. 

An  extension  was  received  to  contract  F42600-84-C-1395  to  support 
Ogden  ALC  in  determining  the  cause  of  corrosion  on  Minuteman  Stage  I  motor 
S/N  0014008  and  establish  inspection  criteria,  rework  procedures  for  the 
Avcoat  repair,  and  repair  of  the  motor. 


The  program  documentation  status  is  presented  in  Table  1.  The  motor 
and  component  storage/testing  status  is  summarized  in  Tables  2  through  5. 
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3.0  SUMMARY  OF  TESTING  COMPLETED  DURING  THIS  REPORT  PERIOD 


3.1  FULL-SCALE  MOTORS 

No  full-scale  motors  were  tested  during  this  report  period. 

3.2  INSULATION  (TP  III-022) 

After  192  months  of  storage  at  80°F,  testing  was  completed  on  the 
chamber  insulation  specimens.  Test  results  were  analyzed  and  the  following 
trends  noted: 

V-45/V-57/Glass  Significant  (increasel 

V-45/203-220/A1  Significant  (increasel 

Cork/Glass  Significant  (increasel 

Mg/304/Cork  Significant  (increasel 

Al/Garlock/Glass  Significant  (increasel 

3.3  LITVC  SYSTEM  AND  COMPONENTS  (TP  II 1-0251 

Burst  diaphragms  were  tested  after  186  months  of  storage  at  pressures 
of  178  and  169  psig.  The  updated  trend  is  not  significant. 

3.4  ROLL  CONTROL  (TP  1II-0271 

Testing  of  the  two  roll  control  valves  was  not  completed  in  time  for 
inclusion  in  this  report  because  of  delay  in  receipt  of  the  FY  86  contract. 
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4.0  TECHNICAL  DISCUSSION 

4.1  INSULATION  (TP  111-0221 


» 


Insulation  specimens  representing  the  age  sensitive  motor  bond 
interfaces  were  aged  192  months  and  tested  in  accordance  with  TP  III-022. 
Test  results  and  failure  modes  are  tabulated  in  Table  6. 

4.1.1  Internal  Insulation 

The  V-45/V-57/glass  bond  shear  specimen  mean  is  significantly 
different  from  previous  data.  The  failure  mode  was  100  percent  in  the 
V-57/glass  bond.  The  updated  trend  shown  in  Figure  1  indicates  a 
significant  increase  in  shear  strength. 

Aged  V-45/A1  specimens  used  to  simulate  the  internal  insulation/aft 
boss  were  tested  after  192  months  storage.  The  mean  is  not  significantly 
different  from  previous  data.  The  failure  mode  was  in  the  Al/203  interface. 
The  updated  trend  shown  in  Figure  2  shows  a  significant  increase  in  bond 
shear  strength. 

4.1.2  External  Insulation 

Two  specimen  configurations  are  used  for  the  external  insulation;  (11 
S-994  glass/Chemlok  304/2755  cork,  and  (21  HM21A-58  magnesium  alloy/Chemlok 
304/2755  cork.  The  glass/cork  test  results  for  192  months  storage  are 
plotted  in  Figure  3  and  show  a  significant  upward  trend.  The  failure  war.  in 
the  cork. 

The  magnesium/cork  specimen  test  results  after  192  months  storage  are 
shown  on  the  upward  trend  (Figure  4l.  The  failure  mode  ■’’s  100  percent  in 
the  cork. 

4.1.3  Raceway  Bond 

The  raceway  bond  specimens,  aluminum/AF30/N0L7765/Chemlok  304/S-994 
glass,  aged  192  months  and  stored  at  80'’F,  were  tested  during  this  report 
period.  The  updated  trend  (Figure  51  continues  to  show  a  significant 
upward  trend  in  shear  strength. 
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4.2  LITVC  (TP  III-Q25) 

4.2.1  Burst  Diaphrayid  Tests 

Burst  diaphragms  stored  in  contact  with  strontium  perchlorate  and  in  a 
strontium  perchlorate  atmosphere  were  tested  after  186  months  storage  at 
80°F.  The  results  of  the  burst  tests  and  strontium  perchlorate  and  free 
chi'"  ides  analyses  are  summarized  in  Table  7.  The  updated  trend  shown  in 
Figure  6  is  not  significant.  No  evidence  of  intergranular,  transgranul ar , 
or  pitting  corrosion  was  found  during  the  metal lographic  examination. 
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5.C  SERVICE  LIFE  ESTIMATE 

Demonstratpd  service  life  estimates  are  presented  in  Table  8.  The 
major  components  being  aged  are  listed  in  Table  9,  alo'^g  with  failure 
criteria  and  TALE. 

The  latest  surveillarce  data  (extracted  from  t-he  trend  plots)  show  no 
parameters  with  a  TALE  less  than  20  years. 
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6.0  PROGRAM  REFERENCES 

TWR-3766  Minuteman  III  Third  Stage  Age  Sensitivity  Coirponent 

Review 

TWR-4082  Test  Plan  for  Full-Scale  Minuteman  Motors,  Third  Stage 

Surveillance  Program 

TWR-34<18  Third  Stage  Minuteman  Propellant  Surveillance  Program 

Plan 

TWR-3698  Test  Plan  for  Stage  III  Minuteman  Ignition  System, 

Surveillance  Program  Long  Term  Storage 

TWR-3697  Test  Plan  for  Minuteman  AOTT  System,  Third  Stage 

Surveillance  Program 

TWR-4290  Qua'^terly  Report,  Thiokol  Third  Stage  Minuteman 

Surveillance,  11  Jul  1970  -  10  Oct  1970 

TWR-4394  Quarterly  Report,  Thiokol  Third  Stage  Minuteman 

Surveillance,  11  Oct  1970  -  31  Dec  1970 

TWR-4647  Quarterly  Report,  Third  Stage  Minuteman  Surveillance, 

16  Apr  1971  -  3Q  Jun  1971 

TWR-4828  Quarterly  Report,  Third  Stage  Minuteman  Surveil lance, 

1  Jul  1971  -  30  Sep  1971 

TWR-5752  Minuteman  III  Third  Stage  Surveillance  Semiannual  Report, 

1  Oct  1971  -  31  Mar  1972 

TWR-5674  Test  Plan  for  Pressure  Switch  Third  Stage  Surveillance 

Program 

TWR-6233  Minuteman  III  Third  Stage  Surveillance  Semiannual  Report, 

1  Apr  1972  -  30  Sep  1972 

TWR-6141  Test  Plan  for  Failure  Analysis  of  AGC  S/N  0000122,  1128811 

Pressure  Tank  Assembly 

TWR-6898  Minuteman  III  Third  Stage  Surveillance  Semiannual  Report, 

1  Oct  1972  -  31  Mar  1973 

TWR-7012  Failure  Analysis  of  the  Pressurization  System  on  Tank 

Assembly  1128811-329P,  S/N  0000122 

TWR-7397  Final  Report  Minuteman  III  Third  Stage  Surveillance, 

25  Jan  1974 

Minuteman  III  Third  Stage  Surveillance  Semiannual  Report, 

1  Jul  1973  -  31  Dec  1973 
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TWP-7883 

TWR-8875 

TWR-9165 

TWR-9577 

TWR-9920 

TWR-20304 

TWR-20833 

TWR-21170 

TWR-21569 

TWR-21897 

TWR-22079 

TWR-22337 

TWR-22405 

TWR-22642 

TWR-22965 

TWR-30040 

TWR-30337 

TWR-30565 


Minuteman  III  Third  Stage  Surveillance  Somiannul  Report, 

1  vlar  1974  -  28  Feb  1974 

Minuteman  III  Third  Stage  Surveillance  Semiannual  Report, 

1  Mar  1974  -  30  Apr  1975 

Minuteman  III  Third  Stage  Surveillance  Semiannul  Report, 

1  May  1975  -  31  Oct  1975 

Minuteman  III  Third  Stage  Surveillance  Semiannual  Report, 

1  Nov  1974  -  30  Apr  1976 

Minuteman  III  Third  Stage  Surveillance  Semiannual  Report, 

1  May  1976  -  31  Oct  1976 

Minuteman  III  Third  Stage  Surveillance  Semiannual  Report, 

1  Nov  1976  -  30  Apr  1977 

Minuteman  III  Third  Stage  Surveillance  Semiannual  Report, 

1  May  1977  -  31  Oct  1977 

Minuteman  III  Third  Stage  Surveillance  Semiannual  Report, 

1  Nov  1977  -  30  Apr  1978 

Minuteman  III  Third  Stage  Surveillance  Semiannul  Report, 

1  May  1978  -  31  Oct  1978 

Minuteman  III  Third  Stage  TOP-7  Liquid  Injection  Thrutt 
Vector  Control  Failure 

Minuteman  III  Third  Stage  Surveillance  Semiannual  Report, 

Jun  1979 

Minuteman  Third  Stage  Operational  Surveillance  Program  One- 

Year  Testing,  Bondline  Aging  Study,  Sep  1979 

Minuteman  III  Third  Stage  Surveillance  Semiannual  Report, 

Dec  1979 

Minuteman  III  Third  Stage  Surveillance  Semiannual  Report, 

Jun  1980 

Minuteman  III  Third  Stage  Surveillance  Semiannual  Report, 

Dec  1980 

Minuteman  Third  Stage  Operational  Surveillance  Program,  Two- 

Year  Testing  Bondi in.e  Aging  Study,  Dec  1980 

Minuteman  III  Third  Stage  Surveillance  Semiannual  Report, 

Jun  1981 

Failure  Analysis  of  Three  Minuteman  Third  Stage  Pressure 
Switches,  22  Sep  1981 
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TWR-30721 

TWR-30790 

TWR-30949 

TWR-30775 

TWR-30814 

TWR-31058 

TWR-31248 

TWP,-31232 

TWR-31309 

TWR-31425 

TWR-31501 

TWR-31647 

TWR-31819 

TWR-31903 

TWR-32137 

TWR-32046 


Minuteman  III  Third  Stage  Surveillance  Semiarrual  Report, 
Feb  1982 

Failure  Analysis  of  Minuteman  (A/D-SSAl  Stage  III  Roll 
Control  Unit,  16  Apr  1982 

Failure  Analysis  of  A/D-S&A  Unit  P/M  1214110-11,  S/N  1005.- 
and  1000128 

Minuteman  III  Third  Stage  Surveillance  Semiannual  Repo.-t, 
Jun  1982 

Minuteman  Stage  III  Operational  Surveillance  Three-Year 
Testing  and  Other  Results  Bondline  Aging  Study  Final 
Report,  Apr  1982 

Minuteman  III  Third  Stage  Surveillance  Semiannual  Report, 
Dec  1982 

Failure  Analysis  of  A/D-S&A  Unit  P/M  1214110-11,  S/N 
1000151,  1000267,  10C0297,  1000733,  and  1000833 
Minuteman  III  Third  Stage  Surveillance  Semiannual  Report, 
Jun  1983 

Final  Report  of  Flight  Test  GT-92B  FTM-5068/Third  Stage 
Motor,  S/N  TC31068 

Minuteman  III  Third  Stage  Surveillance  Semiannual  Report, 
Dec  1983 

Minuteman  Stage  III  Operational  Surveillance  Program 
Five-Year  Testing  Bondline  Aging  Study,  Dec  1983 
Minuteman  III  Third  Stage  Surveillance  Semiannual  Report, 
Jun  1984 

Minuteman  III  Third  Stage  Surveillance  Semiannual  Report, 
Dec  1984 

Minuteman  Stage  III  Operational  Surveillance  Program 
Six-Year  Testing  Bondline  Aging  Study,  Dec  1984 
Failure  Analysis  of  TOP-26  Roll  Control  System 
Minuteman  III  Third  Stage  Surveillance  Semiannual  Report, 
Jun  1985 
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Strength  Versus  Age,  V-45  Rubber/Glass 


Figure  2.  Shear  Strength  Versus  Age,  V-45  Rubber/AI  (TP  111-022) 


Strength  Versus  Age.  Al/Rubber/Glass 


Pressure  Versus  Age,  Burst  Diaphragm 
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No . 


DISTRIBUTION 


of  Copies 


Recipient 


3  Ogden  ALC 

Hill  AFB,  Utah  84056 
Attn:  MMGRM 

1  Ogden  ALC 

Hill  AFB,  Utah  84056 
Attn:  Mr.  W.  Leary  (MMWRC) 

1  DTIC 

Cameron  Station 
Alexandria,  VA  22314 

1  AFPRO/Morton  Thiokol ,  Inc. /PD 

Wasatch  Operations  MS  250 
Brigham  City,  Utah  84302 
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4 

Data  Management 
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W.  McLeod 
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M.  Knight 
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A.  Allen 
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M.  Black 
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L.  Porter,  Jr. 

C41 

